INTRODUCTION {#sec1-1}
============

Monfalcone, Northeastern Italy, is the site of large shipyards. These began their activity in 1908. The Monfalcone district has been characterized as an area at high incidence of malignant mesothelioma and shipyard work has emerged as the principal cause of mesothelioma in Monfalcone.\[[@ref1][@ref2]\] Studies conducted on a series of 3,640 consecutive necropsies showed that in the Monfalcone shipyards, asbestos exposure was an ubiquitous phenomenon, often reaching high levels.\[[@ref3]\] Recent studies have been conducted, aimed at obtaining data on the magnitude of mesothelioma risk in the Monfalcone shipyards as well as the features of such tumor in different periods. In a series of 2,776 persons hired in 1942, 18 pleural mesotheliomas were diagnosed in the period 1981-2005.\[[@ref4]\] Of 1,637 workers hired in the period 1960-1969, 17 had a diagnosis of pleural mesothelioma.\[[@ref5]\] In the present study, people hired at the Monfalcone shipyards in the period 1950-1959 were investigated.

MATERIALS AND METHODS {#sec1-2}
=====================

The Monfalcone shipyards roll was examined to identify the persons hired in the period 1950-1959. Available data were registered including: Name and family name of the worker, birth year (or complete birth date when reported), employment date, trade at the hiring time. The list of hired workers was coupled with archive data collected at the Pathological Anatomy Units of the Monfalcone and Trieste Hospitals. Mesothelioma cases diagnosed in the workers hired in 1950-1959 were reexamined. In particular we reviewed the pathological diagnosis (type and date), occupational history, latency period (time intervals elapsing between hiring year and mesothelioma diagnosis), and markers of asbestos exposure (presence/burden of asbestos bodies in lung tissue). In many cases asbestos bodies had been counted after isolation from lung tissue, following Smith-Naylor method.\[[@ref6]\]

The Chi-square and the Student′s *t*-test were used to compare the prevalences of mesothelioma in the various age groups at hiring time.

RESULTS {#sec1-3}
=======

In the period 1950-1959, 1,403 workers (1,375 men, and 28 women, aged between 14--59 years) were hired at the Monfalcone shipyards. The age distribution of the male workers is reported in [Figure 1](#F1){ref-type="fig"}. The [Figure 2](#F2){ref-type="fig"} shows the principal trades of the male workers. Of the 28 female workers, 21 were hired as canteen employees.

![Age distribution at hiring time in 1,374\* male workers, hired at the Monfalcone shipyards in the period 1950-1959. \*In one case the age of the worker was not reported](IJOEM-16-119-g001){#F1}

![The most prevalent trades at hiring time in 1,375 male workers hired at the Monfalcone shipyard in the period 1950-1959](IJOEM-16-119-g002){#F2}

Thirty-five cases of malignant mesothelioma (34 pleural, one peritoneal) were diagnosed among people hired in the period 1950-1959. Mesothelioma patients included 34 men aged between 47 and 82 years and one woman aged 88 years. The age distribution of the patients with mesothelioma is showed in [Figure 3](#F3){ref-type="fig"}. The tumors were diagnosed between 1978 and 2012. The pathological diagnosis was based on or confirmed by necropsy findings in 27 cases. In the remaining cases, mesothelioma was diagnosed on biopsy or surgical material (seven cases), or on cytological findings (one case).

![Age distribution at the time of diagnosis in 35 mesothelioma cases, diagnosed among people hired at the Monfalcone shipyards in the period 1950-1959](IJOEM-16-119-g003){#F3}

[Figure 4](#F4){ref-type="fig"} shows the age distribution of the mesothelioma patients at the employment time. Mesotheliomas were concentrated among persons aged 14--33 years at hiring date. The highest prevalence was observed among people aged 14--19 years at hiring time \[[Table 1](#T1){ref-type="table"}\]. The differences among the various groups did not reach the statistical significance.

![Age distribution at hiring time in 35 mesothelioma cases, diagnosed among people hired at the Monfalcone shipyards in the period 1950-1959](IJOEM-16-119-g004){#F4}

###### 

Percentages of mesotheliomas after the age at hiring time among male workers hired at the Monfalcone shipyards in 1950-1959

![](IJOEM-16-119-g005)

The trades of the workers with mesothelioma were various. Not rarely, the patients had worked with more trades, with plumber (11 cases), carpenter-shipwright (ten cases), and welder (six cases) being the more frequent. Two men had histories of asbestos exposure prior to the employment in 1950s. The woman with mesothelioma had worked as a canteen employee. She had also a history of exposure to asbestos at home, having cleaned the work clothes of her husband and of her son, occupationally exposed.

Of 29 patients for whom data on the employment duration were available, 28 had worked in the shipyards for more than 10 years, and 25 for more than 20 years. The latency periods calculated in 34 cases ranged between 25 and 68 years (mean 48.3 years) \[[Figure 5](#F5){ref-type="fig"}\].

![Latency periods in 34 mesothelioma cases, diagnosed among people hired at the Monfalcone shipyards in the period 1950-1959](IJOEM-16-119-g006){#F5}

Asbestos bodies isolated in 22 cases ranged between 1,000 and 886,000 bodies per gram of dried tissue \[[Figure 6](#F6){ref-type="fig"}\]. In a further six cases, the presence of asbestos bodies on routine lung sections was reported.

![Asbestos body burdens in 22 mesothelioma cases, diagnosed among people hired at the Monfalcone shipyards in the period 1950-1959](IJOEM-16-119-g007){#F6}

Four men with pleural mesothelioma had a blood relative with the same tumor. Familial mesotheliomas included one couple father-son, one couple of brothers, and two couples brother-sister. Of the blood relatives, three had histories of occupational exposure to asbestos and one had a history of domestic exposure.

DISCUSSION {#sec1-4}
==========

The cancer geography clearly shows the relationship between shipbuilding activity and development of malignant mesothelioma. Since the 1950s, the sites with largest shipyards have been identified as areas at high mesothelioma incidence.\[[@ref7][@ref8]\] Some cohort studies showed high mesothelioma incidence/mortality among shipyard workers.\[[@ref9]--[@ref12]\]

After the destruction caused by the raids in World War II (WWII), the Monfalcone shipyards had an intense activity in the decade 1950-1959 and in the following years. Units of various types were produced; including passenger motorships and turbine steamships, turbine tankers, and warships (air carrier cruiser and many submarines).

In the Monfalcone district, studies on mesothelioma began in 1979.\[[@ref13]\] This means that mesotheliomas developed prior to this date may be remained undetected or unregistered. Consequently, the data emerged from the present study may be underestimated. Moreover, the fact that mesothelioma cases have been observed even in 2012, suggests that further cases have to be expected as effects of shipyard work in Monfalcone in 1950-1959. Finally, archive data of Monfalcone and Trieste Hospitals do not cover all cases, especially in case of people migrating to other areas. Despite to these limitations, the prevalence of mesothelioma among shipyard workers was high.

The relative rarity of peritoneal mesothelioma in the present study corresponds to that seen in more large series examined in Monfalcone.\[[@ref1][@ref14]\]

A relevant factor in determining the risk of mesothelioma is the age at the hiring time. In the present series, nearly 50% of people hired in 1950-1959 were aged 14--19 years at the time of employment. In this group, the prevalence of mesothelioma reached the highest values. This fact is not difficult to explain. People hired at young age may have experienced longer exposures to asbestos. Moreover, the development of mesothelioma generally requires very long latency periods. The studies conducted in the Trieste-Monfalcone area\[[@ref1][@ref15]--[@ref18]\] showed mean latency periods close to 50 years among shipyard workers. Similar values, somewhat higher than those currently reported, were also observed in other shipyard areas.\[[@ref19]\] Older people at hiring time die before they might reach mesothelioma age. It should be noted that asbestos exposure represents a risk factor for a wide spectrum of pathological conditions, that are not entirely known. Besides the malignancies certainly or possibly related to asbestos,\[[@ref20]\] some studies indicate also a higher risk for cardiovascular diseases among asbestos exposed persons.\[[@ref21]\]

The latency periods observed in the present mesotheliomas showed extreme variations, from 25 to 68 years. The mean latency period was superimposable to that observed in large series of mesotheliomas among shipyard workers in the Trieste-Monfalcone area.\[[@ref18]\]

Lung asbestos bodies isolated at necropsy in 22 mesothelioma cases showed wide variations in number. In 14 cases, high burdens (more than 10,000 bodies per gram of dried tissue) were found. In evaluating these findings, it should be remembered that clearance of asbestos fibers from the lung tissue represents a mechanism by far more efficient than believed in the past.\[[@ref22]\] Clearance involves, although at different degrees, both chrysotile as well as amphiboles. If long time intervals have elapsed from the end of asbestos exposure, the number of lung asbestos bodies reflects only partly the intensity of occurred exposure. Moreover, asbestos body burdens in the lung tissue may differ from those of pleura. Studies conducted on lung and pleural tissues obtained at necropsy in a small group of Monfalcone shipyard workers showed that the number as well as the type of asbestos fibers in the pleura differed markedly from those found in the lung.\[[@ref23]\] Even with these limitations, lung asbestos body burdens offer relevant data on the entity of exposure.

In general, asbestos is the cause of mesothelioma in nearly 100% of the cases. Nevertheless, the percentages of exposed people who develop mesothelioma are relatively low. This indicates the role of cofactors in the genesis of asbestos-related mesothelioma.\[[@ref24][@ref25]\] Such cofactors are poorly known. A lot of investigations have been devoted to familial mesothelioma.\[[@ref26]--[@ref29]\] The meaning of familial aggregations in malignant mesothelioma has been variously interpreted. After the data recently reported by de Klerk *et al*.,\[[@ref30]\] from Wittenoom, Australia, familial aggregations in mesothelioma occur more frequently than expected. This suggests an important genetic component in mesothelioma.\[[@ref30]\] The presence of four cases of familial mesothelioma in the present series agrees with the view that genetic susceptibility has a relevant role in asbestos-related mesothelioma. In conclusion, the current results indicate a high mesothelioma risk among workers hired at the Monfalcone shipyards in 1950-1959. A further observation period is needed to evaluate the entire impact of asbestos exposure begun in the Monfalcone shipyards in the above decade.
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